Introduction
Little is known about the causes of death in Sub-Saharan Africa. This is because of a strong under-registration of vital statistics, and a general lack of attention to recording causes of death.' The health profile of the continent is changing very rapidly due to numerous actions to improve health and socioeconomic status, and nowadays Africa simultaneously confronts diseases of poverty and diseases of development. South Africa, the most developed nation in the continent, presents an unusual combination of a quite advanced level of economic development and a modern health system Co-existing with large pockets of poverty and of limited access to efficient health services. Its average situation seems roughly at a mid-point between the most advanced developed countries and the least advanced developing countries, although it often appears as more of a juxtaposition of the two. However, even the most E-mail <gareme@ceped.ined.~.
remote places in South Africa enjoy some access to modem services, and in particular to a relatively advanced public health service.
Data on causes of death in rural areas of South Africa are virtually non-existent outside a few research sites, and are usually based on large categories of little use for public health.24 One way of giving more value to cause of death data is to use more detailed categories, and to compare them.with data from other countries. This type of comparison reveals at the same time problems due to the local environment and the development stage of the health system, and also permits the identification of specific problems, whatever their origin, and therefore allows priorities to be determined for future public health actions.
This paper attempts to provide a comparison of the frequencies of causes of death in a rural area of South Africa (Agincourt) with two other situations: a rural area of another developing country, in a similar traditional African setting where data collection was carried out in essentially the same way as in Agincourt (Niakhar, Senegal, 1983 -1989 , and a developed country with approximately the same life expectancy, and the same difference between male and female life expectancy (France, 1951 [1995] [1996] . The Agincourt study is based on a Health and Demographic Surveillance System (HDSS) which routinely records birth, deaths, in-and out-migration since the initial census conducted in 1992. Deaths are further investigated by verbal autopsy using a comprehensive questionnaire. Verbal autopsy is a method of investigating the causes of death that has gained increasing recognition over the past 10 years.5-12
The registration of births and deaths is considered virtually complete, although data on some infant deaths were missing in the first 2 years. Details on the study the DHSS and on the verbal autopsy system developed in Agincourt have been presented el~ewhere.'~-'' The second site, used for comparison with Agincourt, is located in a rural area of Senegal, in West Africa, near the town of Niakhar, district of Fatick. The population of 30 villages (about 25 OOOpeople), was also followed by a research team from ORSTOM, and the data used for the comparison relate to the 1983-1989 period. The Niakhar study is similar in many respects to that of Agincourt, with a routine registration of births, deaths, in-and outmigration and investigation of causes of death by verbal autopsy. The registration of births and deaths is considered virtually complete, and the verbal autopsy questionnaire is very similar to that of Agincourt (in fact the Agincourt questionnaire was developed from that of Niakhar).6 The Niakhar population belongs almost entirely to the Sereer ethnic group. People survive on a mixture of subsistence farming (primarily millet and cattle), cash crops (mostly peanuts) and remittances from migrant workers in Dakar, the capital city and in other cities. Among tropical diseases, malaria is a very serious health problem, as well as a range of filariasis, in particular elephantiasis. Malaria is highly seasonal, and malarial incidence is concentrated in the 4 months of the rainy season, July-October, usually associated with very high mortality. HIV/AIDS is prevalent in the area, although the prevalence was very low under the period considered (0.5 per cent among adult women in 1989), as in most of rural Senegal. The population is very poor, and the average annual monetary income per capita was roughly estimated in 1989 at 100 O00 CFA per family of eight persons, that is an equivalent of 45 USD per capita (1989 value). In many respects, Niakhar is quite typical of rural areas of Sahelian West Africa: mortality was slightly higher than the average in Senegal or in Côte d'Ivoire, but lower than the worst cases of the region.
The third data set utilized here is France in 1951, and serves as a comparison with a developed country. The choice of country and date was derived from a collection of data sets gathered by Preston and ~olleagues,'~~'~ that presents life tables by large categories of causes of death for 180 countries and time periods throughout the world. France 1951 was the country closest to the Agincourt situation as far as life expectancy and difference between male and female life expectancy is concemed. Once this choice was made, computerized data by detailed causes of death were obtained from INJ3D, France, courtesy of Mr Vallin and Mrs Meslé. These data were based on a virtually complete vital registration system, with a good recording of the causes of death. Of course, this sample is much larger than the other two (565830 deaths compared to 1001 in Agincourt and 3315 in Niakhar), and will serve as the gold standard for comparing the Agincourt data. French mortality in 1951 was similar to that of other westem European countries at that time, although it was heavily affected by alcoholism, which greatly increased mortality for men compared with women for a variety of diseases.
Methoas
For all three studies, a life table was computed, and the age structure of the associated stationary population used as the standard for computing age-standardized death rates. The use of the stationary population as a standard implies that age-standardized death rates are equivalent to death rates in a theoretical cohort with the same age-specific death rates. The distribution of deaths by cause in a cohort can readily be obtained by dividing the cause-specific death rate by the overall death rate. Age-standardized death rates were used to allow the breakdown by cause of death, since cause-specific age-standardized death rates do add-up to the overall age-standardized death rate.lg Age-standardized death rates are given per million person-years. Risk ratios of cause-specific age-standardized death rates measure the relative risk of death in Agincourt compared to that of (Table 3) . This category included malnutrition of older persons in France.
Cancers
Cancer mortality could be broken down by site, although it shouId beremembered that the verbal autopsy data were of considerably lower quality than the hospital-based data of France. Cancer mortality appears lower in Agincourt than in France (partly because of the lower quality of data) but much higher than in Niakhar, with major.differences by site ( Lower rates of early infancy and congenital defects should be interpreted with caution since data was missing for some infant deaths in Agincourt. Among cardiovascular diseases, mortality attributed to hypertension in Agincourt was not significantly different from France, and likewise for mortality from infarcts and ischemic heart diseases and other ill-defined cardiovascular diseases, whereas mortality from acute rheumatic fever was higher fia? in France (RR=2.62).
Among digestive diseases, compared with France, there was a much higher death rate (RR=4.09) from gastrointestinal hemorrhage for both men and women, and a higher death rate (RR= 1.8) from liver cirrhosis among Agincourt women, whereas the death rate from liver cirrhosis among Agincourt men was identical to that of French men. Other digestive diseases, peptic ulcer and cancer of the esophagus were not significantly different from France.
Another striking feature of causes of death in Agincourt was the far lower death rate from respiratory diseases than in France (RR=O.lO) and in Niakhar (lZR=0.14). This applied to virtually all detailed causes investigated (pneumonia, bronchitis, asthma, influenza, lung cancer and other respiratory diseases), with the sole exception of pneumoconiosis, a disease of mine workers, which was higher than in France (RR= 1.61), and nonexistent in Niakhar (there are no mines in Senegal). The death rate from pneumonia and bronchitis seemed outstandingly low. However, death rate from asthma was not much different from that in Niakhar.
Accidents and violence
Perhaps the most striking feature about the causes of death structure in Agincourt was the high death rate from accidents and violence (Table 6 ). In particular, homicide was 13 times higher than in France (RR= 16.6 for men and RR=9.1 fdr women), and 30 times higher than in Niakhar (RR=24.8 for men and infinite for women). Suicide was also much higher than in Niakhar for men (RR=8.43) but not for women (RR=0.74). Similarly, deaths from motor vehicle accidents were also far more frequent in Agincourt than in France (RR=6.24) and than in Niakhar (RR=11.1). The sex ratio of motor vehicle accidents (4.1 men per woman) was roughly the same as in France. Household accidents were also more prevalent than in France (RR = 2.42), but not statistically different from those in Niakhar. Among household accidents, there was no striking difference between men and women, as was the case in France, but contrary to the Niakhar situation where most household accidents occurred among males.
Discussion
The comparison of causes of death derived from verbal autopsy with causes of death derived from hospitalbased diagnosis worked surprisingly well for a number of diseases, better than the investigators anticipated at first, and better than could have been anticipated from published values of sensitivity and specificity of verbal autopsies.8-'2 The main question is obviously how meaningful is this comparison, given the limitation of the data.
Despite a similar level of overall mortality, the comparison with France revealed striking differences in the pattem of causes of death in Agincourt. The two 188 rural African sites had not only different levels of mortality but also striking differences in the pattern of cakes of death. Many of these differences, even at the level of very specific causes of death, were statistically significant despite the reIativeIy small number of deaths i n Agincourt. Several of these differences appeared very robust to every check done on data quality, and were consistent with a priori knowledge of the three situations.
Some of the differences (or lack of) might be due to inaccuracies in the data in one or both sites. While data on infectious and parasitic diseases and on accidents and violence seemed more reliable, this was not the case for non-communicable diseases: in this category, there was a large number of undetermined causes, as well as prior evidence of low sensitivity and low specificity of the verbal autopsy (VA) diagnosis. However, when mortality from non-communicable disease was significantly higher than in France (for instance cancer of the genital organs, maternal mortality, epilepsy) or very much lower than in France (for instance most respiratory diseases) it is likely that this difference was meaningful. When mortality in Agincourt was only slightly lower for certain non-communicable diseases, it remains possible that the difference could be attributable to the low sensitivity of the VA diagnosis; however, in these cases the difference was usually not statistically significant (for instance hypertension), and no conclusion could be drawn. The comparison with Niakhar was more straightforward, since the methodology of data collection was similar, but judgment on the validity of the comparison was more difficult, since diagnoses in both sites had a low sensitivity and specificity. However, the main differences (cardiovascular, cerebrovascular, respiratory, cancers) seemed to be in the expected direction, with no striking inconsistency between the two sites.
A second limitation of this analysis is the aggregation of age groups in the age-standardized death rates. It would be cumbersome to analyse all the combinations of 158 detailed causes of death, 19 age groups and two sexes, and furthermore most of the differences would not be significant due to the small number of cases in each cell. However, in many instances, causes of death were quite specific to one age group (children, young adults, older adults); therefore differences in the age-standardized rates will reflect those of that particular age group. However, it remains possible that some of the differences not significant in the age-standardized rates could have been significant in the specsc age groups, and vice versa, had the sample been larger. Another limitation of the comparison is the difference in time periods. This inconsistency probably plays a smaller role in the Niakhar-Agincourt comparison, with the exception of HlV/AIDS, but may be more important in the comparison between France and Agincourt. In particular, vaccines and antibiotics are far more widely available, in quantity and quality, than in the 1950s. This may well explain the low rate of mortality from respiratory diseases, and above all of pneumonia, in Aginco~t. Also, mortality from vaccine preventable diseases (measles, whooping cough, tetanus) diminished very rapidly in the late 1980s and early 1990s in West Africa, and a comparison of mortality from those diseases over the same period (1992) (1993) (1994) (1995) in Niakhar would probably be very different.
Despite these limitations, there are striking features of the moIzality profile in Agincourt which call for specific action. Above all, accidents and violence appear as the most important category of abnormally high mortality and cause of premature death in Agincourt. This applies t r~c accidents and household accidents. Among infectious and parasitic diseases, the complex of HN/ the most important. For malnutrition, the moaality from kwashiorkor appkars abnormally high. Among cancers, the death rate from cancers of the female genital organs (cervix and uterus) is the leading problem. Among other non-communicable diseases, matemal mortality and epilepsy could be much lower, as well as hypertension and acute rheumatic fever. There is also a special problem around liver cirrhosis and upper gastrointestinal bleed, France not being an appropriate standard, for these conditions are highly correlated with alcoholism. Pneumoconiosis is also a problem in Agincourt, and is a direct consequence of the mining industry, the leading industry in South Africa, which employs large numbers of migrant workers from Agincourt; note that pneumoconiosis was also prevalent among the French miners in
1951.
In terms of risk factors, and possible interventions, a few conclusions can be drawn. For young adults, special effort should be spent on controlling sexually-transmitted diseases (HIV/ADS, cancers of the female genital organs), and on reducing the matemal risk. For older adults, monitoring and treatment of hypertension seems to have been neglected in the area. Alcohol seems a severe underlying problem behind digestive diseases as well as behind motor vehicle accidents and violence. For children, efforts should be devoted to the prevention and treatment of kwashiorkor, diarrhea and epilepsy. In
